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A MULTIPARAMETERDATAACQUISITIONANDDISPLAYPROGRAM

Jules W. Sunier, Ray V, Poore and Dean E. McMillan
Physics Division

Los Alamos Scientific Laboratory, Los Alamos, New Mexico 8754S

ASSTRACT

A general purpose multiparameter data-acquisition, histo-
grannning and display program is presented. The 32 input para-
meters of the program consist of up to 16 CAMACwords of 16 bits,
and up to 16 algebraic functions of these words. Up to 64 one
and two-dimensional histograms based on these parameters can be
constructed, subject to up to 144 correlated conditions imposed
on the input parameters. The display system consistsof a rapid
refresh scope with 10 bit X and Y resolution, and a push-button
panel, specifically designed to iittera<t dynamically with either
the disDlaY or the data acquisition ?nomarns. Tmical event rates
vary be~ween 300 Hz and 10-kHz, depe;di;g on the-;umber of
grams generated and on their filtering conditions.

I. INTRODUCTION

The multiparameter data acquisition and display
program described here was developed at the Los
Alanos Van de Graaff facility, to serve the needs
of a variety of low energy nuclear physics mperi-
ments. Although many concepts of the program were
in application on a single user XDS-930 computer,
its present version has been written for the three
M3DCOMPIV/2S - CAMACinterfaced-computers, cur-
rently in use at the facility.

The program consists of three tasks, communi-
cating with each other through parameters in common
data blocks, One task (k#.IL) acquires the data
through CAJiACand accumulates the requested histo-
grams. An other task (llREF) refreshes the display
of tt,e data, dynamically operates on the various
filters and summing gates applied on the histograms,
n,ld interrogates, at 30 Hz, the status of a push-
button panel, This panel was specifically designed
to facilitate the interaction of the user with his
data. A third task (DUPD) updates the buffers to
be displayed.

The data structures used by these tasks are de-
fined and managed by the general purpose data ac-
quisition and analysis codel) “2”, These struc-
tures have been designed to optimize the speed of
the data acquisition and display while keeping a
general and dynamic character to the program. The
three tasks of the program are set-up, activated or
deactivated by the code ‘1:”, but run otherwise as

asynchronous tasks. All
MODCOMP MAX IV operating

histo-

these tasks run under the
system.

II. THE MULTIPARANETERDATAACQUISITIONTASKMUL

The raw input data to the program 3ro acquired
by executing a list of CAJIACreads commands, stored
in an instmction sta$k of the CAM4CDifferential
Branch Highway Driver-). The execution of the list
is event triggered. A circular chain of three buf-
fers, the length of which can be selected by the
user, is filled through the direct menlo~y p: essor
(DMP) connected tu the CNAC Branch Dirver. When a
buffer is full, the DMPcauses an end of block inter-
rupt to the computer, and the inter~lpt seflicc
routine schedules execution of the MULtask. The end
of block service routine executes in less than SO
us. It typically then takes 100 us before the kfUL
task starts execution.

The program MULrecognizes the following ele-
ments:

Resl ADC’S

The raw data constittlting an event consist of
up to 16 CAMACwords of 15 bits, To each of these
words, the program associates an ttem, called Real
ADC (RADC), defined in the data structures by a
descriptor word containing:

a) A 4 bit type defining a particular
CMAC input module: LRS register,
EGtiGADC, etc.



b)

c)

A 4 bit mask number definin~ the
most significant bit of the dais
word.

A 4 bit shift count us~ to prescale
the RADCword to the dbired-number of
significant bits.

A typical set-up command is:

RADC1 ORTEC 1024 256

which defines one 16 bit word, originating from an
ORTEC800 ADCwhich has a conversion gain of 1024
channels full scale, and is to be scaled down to a
maximumsize of 256.

Pseudo ADC’S

Up to 16 additional parameters, called pseudo
MC’S (PADC) can be defined in the program. Their
values may be constructed from the RM)Cvalues de-
fined above and other PADC valu$s. Lath pseudo ADC
is defined by a descriptor word conta+.ning:

a) a three bit t~e defining the operation
to be performed. If A and B are real or
pseudo ADCvalues, a and b are scaling
(16 bit) fractions in the range i 31,999
and n is 16 bit integer, the follow~ng
pseudo ADC’Scan be constructed:

(A+n) s a Type O

(A+a.B) .b Type 1

(A”B).a Type 2

A/Baa Type 3
(A1.73 - B1”73).a Type 5

A user defined FORTRANEunction Type 7

b) a three bit mask number to determine
the most significant bit of the PADC
word,

c) the S bit index defining the element A
of the above described functions as
an item in the 32 word array of real
and pseudo ADC~s,

d) the S bit index defining the element
B of the PADCoperation,

A set of 2 scaling fractions and of 2 constants
is available for each PADC operatj,on. These vari-
ables can be changed while the program is running,
The AL*73 operation is done by table look-up.

Tl,e following commands would defin? two pseudo
ADC’S for mass identification as functions of two
real ADCIS, R2(E) and R1 (AE), obtained from a
counter telescope.

PADCR 2 ADD ,1 R 1 (Type 1)

PAGL P 1 MASSR 2 ,7S 512 (Type S)

In the first PM)Ccommand
is formed, which presumes that

the sum E + .1 AE
the ratio of the

gains oftheAE and
PADCconnsand scales
tion by a factor of
value of S12.

E ADC’s is 10 to 1. The second
the result of the ‘TiA5S~$opera-
.7S, and limits it to a maximum

Histograms

Up to 64 histograms canbe maintained by the
MULprogram. The characteristics of each of these
histograms are defined in two descriptor words, with
the following subitems:

a)

b)

c)

d)

e)

f)

An 8 bit data area nuuber to hold the histo-
gram, defined by am~ryallocation command
of the program “Z”.

A 4 bit Msk number to determine the max-

imuo value of the X or Y axis of the histo-
gram .

A 4 bit histogram t~e. The 4 types cur-
rently suppor~ed

16 bit per word,
gram

32 bit per word,
gram

16 bit per word,
gram

are:

one-dimensional

one-dimensional

two-dimensional

histo-

histo-

histo-

8 bit per word, two-dimensional histogram

a 5 bit index defining the RADCor PADC
value to be used for the X coordinate of
the histogram.

A shift count to scale the X ADCvalue to
match the size of the histogram.

The index and shift count to define the ‘i. .
coordinate in a two dimensimal histogram

The histograms and the data area numbers to
hold them are defined by simple commands of “Z”.
For example the two commands

ME 10 1 4096 I*2 AE-E

MPDIG RIPI

set-up a 64 x 64, 16 bit, two-dimensional area with
the identification number 10 and the label A@-E,
and declare that the real ADC#l (Rl) will be used
for the X coordinate while the pseudo ADC #l (Pi) is
used For the Y coordinate of the histogram,

Filter:,—.

Each of the histograms can be subject to filter
conditions, that is accumulated only it selected
parameters in the event have values within speci-
fied limits, Information about which of the 144
possible filters maybe active for a particular
histogram is maintained in the 144 bits of 9 gato
descriptor words attached to each histogram. The
bit position in these descriptor words is used as
an index into the filter
conjunction with display

limit arrays, defined in
of the histograms. The

2&)



filters can be activated or deactivated while the
program is running. The parameters for the X and Y
coordinates of the histograms can also be redefined
dynamical 1y.

Anti-filters

Up to 8 “anti’’-filteringc onditions can be ilp-
plied to each event prior to placing the event in a
tape buffer or prior to processing the requested
histograms. This featu-e is useful.,to reject the
entire processing of events fallingswithin the range
of specified limits, or scale down their processing
to a certain fraction of these events (elastic
peaks, for instance). The use of the anti-filters
may be ANDad, and reject an event only if all anti-
filtering conditio~s aremet, or they may beORed,
that is reject it if any one of the conditions is
met.

Event Processing

Upon being activated by the ond of block in-
terruptfrom the CAMAC-DMPhardware, . the MULtask
fetches the events from the input bui:tw and calls
the event processing subroutine, which flow chart
is outlined in Figure 1.
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Figure 1. Flow chart of the event processing
sub~out ine, The times given in
parentheses correspond to either a
test or the processing of one item,
When two times are given, they re-
present the variation due to the
different typos of item processed.

The data acquisition [or reprocessing] rates
are variable. Ii’ an svent consists of 3 real ACC$s
and if tsotwbdimensional unfiltered histograms are
accumulated, ‘ogether with a one-dimensional spec-
trum subject to 2 filtering conditions, the maxi-
mumevent rate is about 10 ‘kHz. In a program using
5 real ALL’s, 16 pseudo ADC’S,25 filtering condi-
tions and where 25 histograms are accumulated, the
maximum event rate is “. 300 Hz.

The size of the MULtask, excluding the histo-
gram area, is 3416 words.

III. THE DISPLAYSTASKSANDCONTROL

The display refresh task DREFis activated by
executing a stack of CJMACinstructions, reading
and writing to a specially designed push-button con-
trol panel, and driven by a 30 tiz clock, DREF
starts the direct memory transfer of a chain of 4
buffers to the scope. These buffers cantain:

a)

b)

c)

d)

the image of a ~ne dimensional spectrum,
or a two dimensional spectrum, or a two-
dimensional contour plot, or a three di-
mensional isometric display of the data.

a text of information such as run number,
histogram title, peak centroids and
number of counts, etc.

Lhe image Oc 3 cursors. The cursor co-
ordinates are updated, at 30 Hz, following
joy-sticks on the di:;play control panel.

a screen overlay in which the user can
format any informatic,n of interest: ad-
ditional labels, fits, kinematic contouis
etc,

The task DREFalso decodes the stews of
lighted push buttons of :he dinplay control panel,
if it has changed, and returns the decoded values
to a common data block. It scans the listof as-
signments of the various buttons, and allo~s only
valid combinations to be selected If gate limits
have been assigned to a partici:iar combination, it
varies these limits following the motion of the co-
rasponding joy-sticks,

The display update task, DUPDis activated by’
a selectable timer (1s, 3s, 10s), or everytime a
blltton on the display control panel is pushed and
formats the scope buffers. Each CAMACword trans-
mitted to the scope has a 10 bit X coordinate, a 10
bit Y coordinate and a 4 bit intensity. The task
DUPDalso calculates the centroids, widths, sums
and backgrounds of the selected ona-dimensional
gates, as well as the curves passing through the
cursors of two-dimensional filters. Making a log
display of a 1024 channel spectmm takes less than
100 msm

The two display tasks DREF and DUPDuse 1,8000
words of memory which includes ~600 words of display
buffers, A large screen overlay buffer can be added
to it by the user. The task DUFDconsists of a
root task and 4 overlays,
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Iv. DISPLAYCON1’ROLPANEL

The main features of the display control panel
are the following groups of lighted push-buttons or
switches:

a)

b)

c)

d)

e)

f)

Range: 16 buttons to determine the full
scale coordinate in the range 64 to 223
for linear displays, or 10 to 1016 for log
displays.

w
9 buttons to select the display

a spectrum (full, halve$ quarters,
zoom around a peak),

Joysticks: S joy-sticks to control the up-
per and lower limits of intensified re-
gions (gates) of one-dimensional spectra,
the positions of cursors on the screen,
or the line of sight with isometric dis-
plays, Each of the parameters acted upon
by these joysticks can be varied in units
of 1 to 10, depending on the status of a
10 position speed switch.

Spectrum Set and Spectrum: Three buttons
are reserved to define up to 7 sets of
histograms and 16 button~ to define up to
16 histograms within a set,

Gate Sets and Gates: To each histogram
selected by tho spectzum set and spectrum
combination, one can attach sets of gates
or filters, (pairs of limits for one-di-
mensional data, sets of curves for two-
dimensional data). Three buttons allow
the definition of up to 7 gate sets, and
16 buttons allow the choice of UJ to 16
gates per set.

Cursor Sets: Four buttons allow the selec-
tion of un to 1S sets of 3 cursors, For
each set,”curves are calculated to join the
3 cursors. These curves are 3 term poly-
nomials, whose exponents are selectable by
the user (usually hyperbolas or parabolas
are chosenl.

For one dimensional data, a cursor set will de-
fine a background. The user has the choice of con-
stant, linear, parabolic, exponential or no back-
ground. For two dimensional data, a pairof adja-
cert cursor sets defines a region of the data to be
used as a two-dimensional filter (gate).

Other buttons on the panel allow the selection
of linear or log displays, overlays of spectra, the
display of CAMACscaler contents, or the grouping in
blocks of lf.J24 for large one-dimensional histograms.

~s~lay Set Up and Filter Commands

The histogramming routines of the data acqui-
sition task MULare linked to the display with com-
mands closely associated with the configuration of
the push buttons of the display control panel.

Typical display commands arc:

DS 10 21351

DS 11 t 2 1 14

The first conanand assigns histograms 10, to spectzwe
set 2, spectrum 1. This histogram has 3 gate sets
of 5 gates each, with one cursor set to define back-
grounds. The second consmnd assigns histogram 11 to
spectrum set 1, specttum 2. This histogram has 1
gate set of 1 gate, and 4 cursor sets. The 4 curmr
sets allow the definition of 3 filters (bounded by
4 curves passing by the 4 cursor sets) in a two di-
mensional histogram. The histogram type is linked
to the histogram number when the memory area is de-
fined.

Typical filter commands to be imposed on his-
tograms are:

SFI 10 12112

SFI 11 2132

The fisst command sets a two-dimensional filter
(SFI) on histogram 10. This filter is defined by
the spectzum set 1, spectrum 2, gate set 1, gate 1
and cursor set 2 of the panel. Pressing this button
combination would display histogram 11, and allow
the variation of the gate limits selected. BY con-
vention, the filter is defined as the region bound-
ed by the curves passing through cursor set 2 and
cursor set 3. The second coirsnand sets a one dimen-
sional filter on histogram 11. This filter is de-
fined as the region of histogram 10 (spectrum set2,
spectrum 1) bounded by the limits assigned to the
gate set 3, gate 2. Anti-filter conmnandsare si-
milar.

v. CONCLUSION

The close linkage of the display control panel
and the histogramming of the data provides a pre-
cise, unambiguous and rapid mean of either enabling,
disabling, or monitoring the data acquisition and
filtering. The general purpose of the code (at the
expense of some speed of processjngj makes this
dynamic scheme quite attractive. This data acquisi-
tion and display code has been in operation at the
Los Alamos Van de Graaff facility since 1977. It
has so far served the needs of experiments as dif-
ferent as (p, y) reactions, tritium induced fission,
(1QC,180) react ion$, (t,p) reactions and polariza-
tion studies.

This program has been supported by the U.S.
Department of Energy,

REFERENCES

1. . R. V. Foore, 0. E. !4cMillan, R. 0, Nelson and
J. W. Sunier, ‘tData Acquisition System at LOS
A1amos P-9 Accelerator Facility”, IEEE Trans-
actions on Nuclear Science, NS-26, No. 1, 708
[1979) .

2“ D, E, McMillan, R, 0, Nelson, R, V. Poore, J. W.
Sunier and J. J. ROSS, “A High Speed CAMAC
Differential Branch Highway Oriver\’ IEEE Trans-
actions on Nuclear Sciences, Proceedings of the
Topical Conference on Computerized Data-Acquisi-
Systems in Particle and Nuclear Physics, Santa
Fe (1979),

4


